Background: evidence on the effectiveness of interventions to prevent frailty is scarce. Objective: to assess the effect of an intervention in preventing frailty progression in pre-frail older people. Study design: a randomised, open label, controlled trial with two parallel arms. Population: community-dwelling pre-frail older people (≥70 years) consulting in primary care. Intervention: nutritional assessment (and derivation to a Nutritional Unit for usual care in the event of nutritional risk) and a physical activity programme including aerobic exercise and a set of mixed strengthening, balance and coordination exercises Control group: patients receiving the usual care. Main outcome measure: prevalence of frailty (Fried criteria) at 12 months. Secondary outcomes measures: functional capacity (Barthel index), falls and nutritional status (Short-Form Mini Nutritional Assessment) on follow-up at 12 months. Results: one hundred and seventy-two participants were recruited and randomised (mean age: 78.3 years; mean number of Fried criteria: 1.45). Thirty-nine participants (22.6%) were dropped out during the study. At follow-up, 4.9% of the intervention group and 15.3% of the control group had evolved to frailty, for a crude odds ratio (OR) of 0.29 (95% confidence interval [CI]: 0.08-1.08; P = 0.052) and an adjusted (by age, gender and number of co-morbidities) OR of 0.19 (95% CI: 0.04-0.95; P = 0.044). Intervention group showed a higher outdoors walking hour per day (0.97 versus 0.73; P = 0.019) but no difference was observed in muscle strength, gait speed or other functional indicators. Conclusion: an intervention focused on physical exercise and maintaining good nutritional status may be effective in preventing frailty in community-dwelling pre-frail older individuals. ClinicalTrials.gov identifier: NCT02138968.
Introduction
Frailty is a geriatric syndrome characterised by a diminished capacity to respond to external stressors, which increases individual's risk of falls, functional decline, disability, dependency, institutionalisation and death [1] . Prevalence, which is higher in women than in men, increases with age and is approximately 10% in the population aged ≥65 years old and can reach 50% in the population aged ≥ 80 years old [2, 3] . Because frailty has an important impact on an individual's functionality and quality of life [4, 5] and also on health and social care resource consumption [6] , it is considered to be a public health problem that urgently needs to be addressed [7] .
The pathophysiology of frailty is not well understood; while some authors consider frailty to result from the accumulation of unrelated diseases, dysfunctions and disabilities [8] , others consider it to be a unique pathophysiological process involving the breakdown of homoeostatic mechanisms [9] . The frailty process follows a continuous pattern. However, a categorisation has been proposed to define a pre-frail state between established frailty and robustness, which follows a gradient of risk [10] . Fried et al. defined a frailty phenotype and considered muscle wasting its main component [9] . Other authors have reported that poor muscle strength is the most prevalent frailty criteria in community-dwelling older people [3, 11] . Moreover, since it is thought that the conditions that indicate pre-frailty are reversible, training programmes can help revert pre-frailty or prevent progression to frailty. There is abundant evidence on the impact of nutrition and physical activity on muscle mass and strength, functionality and physical performance [12] [13] [14] . However, evidence regarding the impact of nutrition and physical activity on frailty prevention is scarce. In addition, what studies do exist that assess the effect of a combination of exercise and nutritional interventions on muscle outcomes in older people are somewhat inconsistent, due to different study populations and interventions. This would point to the lack of evidence on which to base recommendations [15, 16] . Our aim was to assess the effect of an intervention in the form of a nutritional and physical activity programme on preventing frailty progression in pre-frail older people consulting in primary care centres for any reason.
Methodology Study design and population
A randomised, open label, controlled trial with two parallel arms was conducted. All non-institutionalised patients aged ≥70 years consulting for any reason at any of three participating primary care centres in Mataró (Barcelona, Spain) were screened for frailty according to Fried criteria [9] . Potential study candidates were individuals for whom a prefrail status was established, as defined by the presence of one or two of the Fried criteria. Exclusion criteria were persons unable to stand without assistance, completely blind, with previous diagnosis of dementia recorded in clinical notes, and receiving palliative care or with life expectancy below 6 months. Participants fulfilling all selection criteria were informed and consecutively invited, between October and December 2013, to participate in the clinical trial until the estimated sample size was reached. This trial was registered on ClinicalTrials.gov (https://clinicaltrials.gov) database with registration identifier NCT02138968. The study protocol was approved by the institutional review board of the Consorci Sanitaridel Maresme, Mataró (CEIC code 17/13). All participants gave their permission to participate by signing an informed consent form.
Study groups
Recruited participants were randomly assigned to either the intervention group or control group. Randomisation was based on the opaque envelop method and was stratified according to the 21 general practitioners participating in the study, who received 10 envelops each (5 assigned to each study group). Blocked random codes and sequentially numbered sealed envelopes were prepared in the research unit. A research nurse opened the envelopes only when the patient had been recruited and a unique and irreversible identification number in the study had been assigned.
The study intervention included nutritional and physical activity components. Individuals in the intervention group were screened for malnutrition using the Short-Form Mini Nutritional Assessment questionnaire (MNA-sf) and those at risk were referred to the Nutritional Unit for further assessment, follow-up and the establishment of the usual dietary recommendations and corrective measures. The physical activity programme included two main components: (i) aerobic exercise consisting of walking outdoors for 30-45 min/day at least 4 days/week and (ii) a set of 15 mixed exercises (3 for strengthening arms, 7 for strengthening legs and 5 for balance and coordination) to be done at home for 20-25 min at least 4 days/week. Each exercise had to be repeated 10 times a minute (progressively increasing up to 15 times after 2-3 months), with a rest of half a minute between each set of exercises. An initial training session was held in each primary care centre and participants all received an illustrated leaflet summarising the exercises to be done at home (see Supplementary data, Appendices 1 and 2, available at Age and Ageing online). To enhance adherence, a nurse monitored compliance by regular telephone contact with the patients. There was no special intervention for the control group patients who received their usual care and recommendations.
Outcome measures and data collection
The main outcome measure was the prevalence of frailty on follow-up at 12 months. Outcome measures were always assessed by the same trained nurse. Participants were classified as robust, pre-frail or frail according to the following five Fried criteria [9] : (i) unintentional weight loss, (ii) exhaustion, (iii) low physical activity, (iv) slow walking speed and (v) poor grip strength, measured (using a handheld Jamar Dynamometer; Lafayette Instrument Co.). Persons were classified as follows: robust if they fulfilled none of the above criteria; pre-frail if they fulfilled one or two criteria; and frail if they fulfilled three or more criteria. Other outcome measures considered were as follows: prevalence of robustness (defined as the presence of none Fried criteria), hand grip; functional capacity measured by means of the Barthel index, and the timed up-and-go (TUG) test; and nutritional status assessed using the MNA-sf. All outcome measures were assessed at baseline and at 12 months.
Other data collected included socio-demographic characteristics (age, sex, educational level and socio-familiar support), co-morbidities and number of medications (taken from medical records), pain (assessed by a visual analogue scale-VAS), falls in the previous 3 months and selfreported quality of life assessed by a 0-10 point horizontal VAS using identical question to the EQ5D VAS. To assess adherence to the study intervention, patients were asked to keep a diary. Patients who completed ≥70% of the recommended exercise sessions were rated as good achievers. Neither outcomes assessors, participants nor usual healthcare providers were blinded to the intervention group.
Data analysis
Data analysis was performed by intention to treat. Comparisons across the two study groups, both at baseline and at 12-month follow-up, were made using the X 2 test or Fisher's exact test for categorical variables and the t-test or Mann-Whitney U test for numerical variables. Baseline to follow-up differences in main outcome measures were also compared. Relative risk (RR) and odds ratio (OR) were used as measures of association between intervention and frailty. RR was calculated by dividing the incidence of frailty in the intervention group by the incidence of frailty in the control group. ORs were calculated using logistic regression. A multivariate logistic regression analysis was performed to adjust the effect of the study intervention for age, sex, number of co-morbidities and chronic lung disease or to adjust for baseline values of the outcome measures analysed. The same analysis was performed for the subgroup of patients considered to achieve good adherence. Statistical significance was established in all cases at a twosided P value < 0.05. For an alpha risk of 0.05 and a beta risk of 0.2 in a one-sided test, 85 participants were required for each group (170 participants in total) in order to find a statistically significant difference in frailty prevalence on follow-up at 12 months, expected to be 10% in the intervention group and 25% in the control group. A dropout rate of 10% was assumed.
Results
A total of 416 participants ≥70 years old without dementia, not blind, not bedridden and not in palliative care were screened for frailty, of whom 204 (49%) were considered to have a pre-frail status and 172 were recruited. No difference in age and sex was observed between screened patients who agreed and who refused to participate. The mean age in the study sample was 78.3 years and 57% were women. Of those recruited patients, 92 were randomly assigned to the control group and 80 to the intervention group (see flow chart in Figure 1 ). Table 1 compares main baseline sociodemographic, clinical, nutritional and functional characteristics between the groups and presents no differences except for chronic lung diseases. On follow-up at 12 months, 19 (23.7%) participants from the intervention group and 20 (21.7%) participants from the control group had dropped out. During this period, two patients died, both from the control group.
On follow-up at 12 months, 4.9% and 15.3% of the intervention and control group patients, respectively, had evolved to a frail phenotype. Frailty incidence was 0.40/100 person-years in the intervention group and 0.88/100 person-years in the control group, resulting in an RR of 0.46 (95% confidence interval [CI]: 0.20-1.04). Logistic regression revealed an association between the intervention and frailty, for an OR of 0.29 (95% CI: 0.08-1.08; P = 0.052). Adjusting for age, gender and number of comorbidities, the multivariate logistic regression analysis showed an independent effect of the intervention with an OR of 0.19 (95% CI: 0.04-0.95; P = 0.044). Because a baseline disbalance was observed in chronic lung disease between the study groups, the effect of the study intervention was adjusted for age, gender and chronic lung disease showing an OR = 0.28 (95% CI: 0.05-1.47; P = 0.13). Table 2 presents the effect of the study intervention on functional capacity, nutritional status and quality of life, revealing a significant effect on hours walking outdoors a day but not on any other outcome measure. No adverse events of note were reported. No significant differences were observed between the groups in baseline to 12-month follow-up changes in the outcome measures considered.
Of the 61 patients assigned to the intervention group and followed up for 12 months, 29 (47.5%) were considered to have adhered well to the study intervention. On comparing this subgroup of good adherers with the control group, Effectiveness of an intervention to prevent frailty in pre-frail community-dwelling older people no differences in baseline characteristics were observed, except for some problems in performing activities of daily living, present in 5.6% of the control group and 24.1% of the intervention group (P = 0.004). No good adherer evolved to frailty in comparison to 15.3% in the control group (P = 0.031). At 12-month follow-up, significant differences were observed between good adherers and controls in the number of Fried criteria (0.93 versus 1.4; P = 0.026), low physical activity criteria (0% versus 15.3%; P = 0.026) and hours of outdoor walking a day (1.2 versus 0.7; P = 0.001).
Discussion
The results of the present study show that an intervention focused on physical exercise and good nutrition may help prevent frailty in community-dwelling pre-frail older people. However, no effect was demonstrated for the study intervention on muscle strength and physical performance indicators. Moreover, although 15-20% of pre-frail participants returned to robustness on follow, there was no significant effect of the study intervention on reverting the pre-frail condition.
Nowadays, there is no doubt of the positive effects of physical exercise on the health of older people [13, 14] . Although many randomised controlled trials have shown how physical activity programmes improve strength, balance, mobility, physical performance and the falls rate [14, [17] [18] [19] , few such trials have assessed the effect of interventions on frailty prevention as the main outcome measure. Some large randomised clinical trials focused on frailty prevention or reversion are ongoing at present, but no results have yet been published [20] [21] [22] . Our study points to a lower incidence of frailty in the intervention group compared with the control group on follow-up at 12 months. This effect was probably due to an improvement in physical activity. However, no effect was observed on the other frailty criteria (weight loss, exhaustion and weakness) or on other indicators of functional capacity, nutritional status and quality of life. The lack of an effect on such indicators may be due to a ceiling effect since, at baseline, the Barthel index and the MNAsf score were optimal in almost all participants. Our results regarding frailty prevention agree with those reported by the other few randomised controlled trials [23, 24] . Cesari et al. [23] observed significantly lower frailty prevalence in the physically active group (10%) than in the education group (19%) and reported sedentary behaviour as the frailty criterion most influenced by the intervention. Ng et al. [24] also reported that physical, nutritional and cognitive interventions were effective in reducing frailty scores and status in pre-frail and frail older people.
Only pre-frail participants were recruited for our study, which focused on the prevention of frailty, that is on the reduction of incidence. As mentioned, the study intervention did not show a significant effect in reverting a pre-frailty status to a robust status. However, other authors have demonstrated the effectiveness of interdisciplinary multifaceted treatment programmes in reversing frailty among community-dwelling older persons [25] [26] [27] . Different study populations, interventions, follow-up periods, frailty criteria and the lack of sufficient statistical power may explain these different results. Our study did not demonstrate an effect of the intervention on muscle strength and certain indicators of functionality such as TUG and the Barthel score. Although the study intervention was associated with higher outdoor walking hours, translation into muscle strength and physical performance improvements probably require a longer follow-up and persistent exercise over time. This study also failed to demonstrate an improvement in nutritional status in the overall sample, probably because very few participants suffered malnutrition. Observed on follow-up at 12 months, however, was a higher percentage of well-nourished individuals among the good adherers compared with the control group. SD, standard deviation; BMI, body mass index. No significant differences were observed between the groups (P < 0.05), except for chronic lung diseases.
In our study, only half of the older people assigned to the intervention group were rated as good adherers, which agree with those reported by other authors [27] . Analysis of the subgroup of 29 good adherers confirms the effect of the intervention in preventing frailty, since no good adherer developed frailty compared with 15% of the control group. Moreover, for this subgroup of patients, the effect of the study intervention in reverting a pre-frail status to a robust status was of relevant clinical magnitude and very close to statistical significance in both the crude (OR = 2.5; P = 0.07) and the adjusted analysis (OR = 2.9; P = 0.06). These results are in line with those reported by other authors [23, 27] . The difficulty of adhering to physical activity programmes and modifying life styles among older people is well known. Risk factors for poor adherence to the multimodal study intervention were living alone, depression, no previous outdoor life, two frailty criteria as opposed to just one and social risk. Deeper knowledge of motivation and barriers to habit change in older people is a necessary and important research line. Moreover, due to the lack of consistency between studies, due to different frailty definitions, training protocols or study sample characteristics [28] , further well-powered randomised controlled trials are needed to explore the long-term effect of multimodal interventions in the treatment and prevention of frailty.
This study has some limitations. Firstly, some losses occurred in the 12-month follow-up period with a 22% dropout rate. This rate was the same in both study groups and no differences were observed in age, sex and baseline functionality and number of co-morbidities between dropouts and non-dropouts, suggesting that losses limited statistical power but did not introduce bias. Secondly, a main study limitation was its limited statistical power. Sample size was estimated considering frailty prevalence at 12 months as the major outcome measure, assuming a difference between groups of 10-25% and considering a dropout rate of 10%. These assumptions were optimistic and estimated sample size and statistical power resulted somehow limited. Moreover, an initial one-sided sample size calculation was performed, which was considered erroneous in retrospect. A twosided sample size calculation, with the same effect size and Types I and II errors assumptions, results in an overall sample of 216 participants. Nevertheless, a significant effect was obtained in a multivariate analysis and for the subgroup of good adherers. Thirdly, it is difficult to objectively diagnose frailty, different instruments exist and the use of one or another may lead to different results. We have chosen the L Fried criteria to define a frailty phenotype because this is a widely used and validated instrument with quite objective and explicit criteria. Different frailty criteria may identify different populations, and hence our results may not be generalisable to populations identified using other frailty tools. Finally, another main limitation was the non-blinded assessment of the outcome measures, which increases the risk of bias and is likely to have inflated the size of effect compared to that seen in a blinded trial. Furthermore, the component of the Fried frailty score that improved in the intervention group was a self-report item: low physical activity. It is therefore possible that the lack of blinding alone was responsible for these self-reported improvements, particularly as objectively measured outcomes showed little change. In summary, although the trial provides evidence that the study intervention might prevent progression to frailty from pre-frailty, larger, adequately powered trails with blinding outcomes assessments are required before such approaches can be considered to be efficacious. Moreover, the physical activity programme showed poor acceptance, especially by those at social risk, with depression, with a physical impairment or living alone. Further research is also needed regarding the main determinants of adherence to physical activity programmes for older persons.
Key points
• Physical activity programmes showed poor acceptance by older subjects.
• Living alone, social risk, depression or physical impairment are risk factors for poor adherence to physical activity programmes.
• Physical exercise may be effective in preventing frailty in community-dwelling older pre-frail subjects.
Supplementary data
Supplementary data are available at Age and Ageing online.
